Abstract: Diet quality based on inflammatory potential, assessed by the Dietary Inflammatory Index (DII ® ), has been related to mortality, but studies from racially/ethnically diverse populations are scarce. Using data from the Multiethnic Cohort Study in Hawaii and California, we investigated the association of the DII with all-cause, cardiovascular disease (CVD) and cancer mortality, both overall and by race/ethnicity. The analysis included 150,405 African Americans, Native Hawaiians, Japanese Americans, Latinos, and Whites aged 45-75 years, with 47,436 deaths during an average follow-up of 18.2 ± 4.9 years. In multivariable-adjusted Cox models, the hazard ratios (95% confidence intervals) for the highest vs. lowest quintile of the DII in men and women were 1.15 (1.09-1.21) and 1.22 (1.14-1.28) for all-cause, 1.13 (1.03-1.23) and 1.29 (1.17-1.42) for CVD, and 1.10 (1.00-1.21) and 1.13 (1.02-1.26) for cancer mortality. In men, an increased risk of all-cause mortality with higher DII scores was found in all racial/ethnic groups except for Native Hawaiians (P for heterogeneity < 0.001). Similarly, in women, an increased risk of CVD mortality was found in the four racial/ethnic groups, but not in Native Hawaiians. These findings support the association of a pro-inflammatory diet with a higher risk of mortality and suggest the association may vary by race/ethnicity.
Introduction
Chronic inflammation provides a substrate for critical mechanisms involved in major diseases, including cardiovascular diseases (CVD) and cancers [1] . Many dietary components are known to be involved in inflammatory processes, including those influencing inflammatory markers [2] . Therefore, dietary components with pro-or anti-inflammatory properties have been examined with respect to their associations with disease outcomes [3, 4] . However, diet is a complex of various components that often interact and whose cumulative effect may modify both inflammatory responses
The baseline questionnaire included a quantitative food frequency questionnaire (QFFQ) with more than 180 food items, which was developed using 3-day measured food records completed by approximately 60 men and women from each of the main racial/ethnic groups [14] . The QFFQ enquired on usual intake during the last year by providing eight or nine frequency categories and three usual serving sizes. A calibration study showed satisfactory correlations between three 24-h recalls and the QFFQ from approximately 260 participants in each racial/ethnic-sex group [15] . On the baseline questionnaire, study participants also provided information on socio-demographic factors, other personal behaviors including smoking and physical activity, history of medical conditions, and use of medication.
Dietary Inflammatory Index
The DII was developed and validated as previously described [6, 16] . The DII calculation for the MEC also has been described elsewhere [13] . In brief, to determine an inflammatory effect score, nearly 2000 peer-reviewed articles published through 2010 on the association between diet and six inflammatory markers (i.e., C-reactive protein, interleukin (IL)-1β, IL-4, IL-6, IL-10, and tumor necrosis factor (TNF)-α) were reviewed and scored. A total of 45 food components were identified as having a sufficiently robust literature linking to at least one of the six markers. Twenty-eight of the 45 food components were included in the DII calculation for the MEC (Supplementary Table S1 ).
The DII was standardized to its current range with the use of dietary intake from surveys or studies conducted in 11 countries. A z-score was created for each food component for each participant and then converted to a centered proportion score. DII calculations are based on the density of each food component (intake per 1000 kcal), also known as the energy-adjusted DII (E-DII). A higher DII score indicates a more pro-inflammatory diet and a lower score indicates a more anti-inflammatory diet.
Outcome Ascertainment
Deaths of cohort participants were identified by linkage to the death certificate files in Hawaii and California and to the U.S. National Death Index through December 31, 2014. Deaths from CVD were classified as International Classification of Diseases, Ninth Revision (ICD-9) codes 390-448 or Tenth Revision (ICD-10) codes I00-I78 (major cardiovascular diseases). Deaths from cancer were defined as ICD-9 codes 140-208 or ICD-10 codes C00-C97 (malignant neoplasms). During an average of 18.2 ± 4.9 years of follow-up, we identified 47,436 deaths, including 16,212 from CVD and 13,898 from cancer among 150,405 eligible participants.
Statistical Analysis
A Cox proportional hazards model, with age as the time metric, was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) of mortality according to the DII in men and women separately. The DII scores were categorized into quintiles based on the distribution in the entire cohort. The lowest quintile served as a reference category. Trend tests for linearity were performed by including sex-and racial/ethnic-specific medians within each quintile as a continuous variable. The DII also was modeled as a continuous variable to estimate HRs of mortality per one-point increase in the DII score. Basic models were adjusted for age at cohort entry (<50, 50-54, 55-59, 60-64, 65-69, ≥70 years) and race/ethnicity as strata variables. For multivariable-adjusted models, we used a comprehensive smoking model developed for lung cancer studies [17] , which included smoking status (never, former, current), average number of cigarettes, squared average number of cigarettes, number of years smoked (time-dependent), number of years since quitting (time-dependent), and interactions of race/ethnicity with smoking status, with average number of cigarettes, with squared average number of cigarettes and with number of years smoked. We further adjusted for body mass index (<25, 25-29.9, ≥30 kg/m 2 ), history of diabetes (yes, no), education (≤12, 13-15, ≥16 years), marital status (married, not married), moderate-to-vigorous physical activity (<0.36, 0.36-0.82, 0.38-1.67, ≥1.68 h/day for men; <0.35, 0.35-0.70, 0.71-1.20, ≥1.21 h/day for women), alcohol intake (0, 0.1-5.1, 5.2-22, ≥23 g/day for men; 1, 0.1-2.4, 2.5-9.9, ≥10 g/day for women) and menopausal hormone therapy use (never, former, current) for women only as strata variables and total energy intake (log transformed kcal) as a covariate. Five covariates had missing values: body mass index (n = 1549), education (n = 634), marital status (n = 1131), moderate-to-vigorous physical activity (n = 2397), and menopausal hormone therapy use for women (n = 169). For missing values, we used multiple imputation models with five iterations, assuming the missing data were missing completely at random, conditional on sex, age, and ethnicity [18] . The analyses were also rerun using a complete case approach which excluded participants with missing data on any of the covariates (n = 7090). The results of the multiple imputation models and complete cases were very similar. We present the imputation results in the main tables and in Supplementary Table S2 . The complete cases analysis is available in Supplementary Table S3 . The proportional hazards assumption was verified by Schoenfeld residuals [19] . We also ran the models for each race/ethnicity separately. Tests for heterogeneity by sex and race/ethnicity were based on the likelihood ratio test. To compare the association with the DII between CVD and cancer mortality, a competing risk analysis was performed with each cause simultaneously modeled as a different event [19] . In sensitivity analyses, we removed deaths occurring within the first three years of follow-up. All analyses were performed using SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results

Participant Characteritics
Baseline characteristics of participants are presented by quintile of the DII in Table 1 . Compared with men and women in the lowest quintile of the DII (most anti-inflammatory diet), those in the highest quintile (most pro-inflammatory diet) tended to be younger, Native Hawaiian, and current smokers, and to have a higher body mass index, higher total energy intake, and consume more alcohol among drinkers. They were also less likely to have a history of diabetes and to have graduated from college. Men with a higher DII score tended to be less physically active. Women with a higher DII score were less likely to be ever users of menopausal hormone therapy. Median DII scores by sex and race/ethnicity are in Appendix A, Table A1 . Men had a higher median score than women across all racial/ethnic groups. Native Hawaiians had the highest score in both men and women, while White men and women and Japanese-American women had the lowest scores within each sex. 1 IQR, interquartile range. 2 Missing values were imputed using multiple imputation. 3 Moderate-to-vigorous physical activity. 4 Among drinkers. 5 MHT, menopausal hormone therapy.
DII and Mortality
Higher DII scores were associated with an increased risk of all-cause, CVD, and cancer mortality in both men and women, as either a categorical or continuous variable, when adjusting for age and race/ethnicity (Table 2) . After further adjustment for smoking and other covariates, the positive associations attenuated, but remained significant for both men and women. The multivariable-adjusted HR (95% CI) of all-cause mortality was 1.15 (1.09-1.21) in men and 1.21 (1.14-1.28) in women for the highest vs. lowest quintile of the DII. Also, the risk of all-cause mortality increased by 3% per one-point increase in the DII score (HR = 1.03, 95% CI: 1.02-1.04) in both men and women. There was no indication of heterogeneity in the association between men and women (P = 0.83). Similar trends were found for CVD and cancer mortality, although the association was stronger for CVD mortality than for cancer mortality (P for heterogeneity between CVD and cancer mortality <0.001 in both men and women). In the sensitivity analyses excluding deaths occurring within the first three years of follow-up, the findings remained similar (Supplementary Table S2 ). 1 Adjusted for age at cohort entry and race/ethnicity. 2 Adjusted for age at cohort entry, race/ethnicity, body mass index, history of diabetes, education, marital status, physical activity, alcohol intake, energy intake, and menopausal hormone therapy use (for women only) in the smoking model including smoking status, average number of cigarettes, squared average number of cigarettes, number of years smoked (time-dependent), number of years since quitting (time-dependent), and interactions between ethnicity and smoking status, average number of cigarettes, squared average number of cigarettes and number of years smoked. 3 Based on the multivariable-adjusted models. 4 Tests for linearity.
DII and Mortaltiy by Race/Ethnicity
In racial/ethnic-specific analyses among men with multivariable adjustment (Table 3) , differences in risks of all-cause mortality associated with a higher DII score as both a categorical and a continuous variable were statistically significant (P for heterogeneity < 0.001). Latinos and Whites displayed statistically significant increased risks and, in the models with the DII as a continuous variable, African-American and Japanese-American groups also showed a suggestive increase in risk of all-cause mortality. A positive trend for CVD mortality was statistically significant in Japanese-American and White men, although no heterogeneity was found across the five racial/ethnic groups (P = 0.24). For cancer mortality, only Latino men showed a significant increase in risk (P for heterogeneity = 0.02 across the five racial/ethnic groups and 0.004 between Latinos vs. the other four groups combined).
In women, the associations between the DII and all-cause mortality did not vary across the racial/ethnic groups (P for heterogeneity = 0.24), although in Native Hawaiians the HRs for the highest quintile and the linear trend did not reach statistical significance (Table 4) . For CVD mortality, Native Hawaiian women did not show an increased risk with higher DII scores either in the categorical or continuous model (P for heterogeneity = 0.006 across the five racial/ethnic groups and 0.006 between Native Hawaiians vs. the other four groups combined). No heterogeneity by race/ethnicity was found for cancer mortality in women (P = 0.44). African American Native Hawaiian Japanese American Latino White P for Heterogeneity Deaths n HR (95% CI) 1 Deaths n HR (95% CI) 1 Deaths n HR (95% CI) 1 Deaths n HR (95% CI) 1 Deaths n HR (95% CI) 1 All Causes 
Discussion
In this large prospective cohort of multiethnic adults, we found that a more pro-inflammatory diet, as measured by the DII, was associated with a higher risk of all-cause, CVD, and cancer mortality in both men and women. Overall, the positive association appeared to be weaker in Native Hawaiians compared with the other four racial/ethnic groups.
Several recent meta-analyses have reported on the relationship between the DII scores and mortality. A meta-analysis of 12 studies found a 23% higher risk of all-cause mortality comparing the highest vs. lowest DII category [11, 20] . Another meta-analysis of six studies reported a 37% increased risk of CVD mortality comparing the highest vs. lowest DII category and a 9% increased risk for each one-point increase in the DII score [12] . In a meta-analysis for cancer outcomes, a 67% increase in risk of cancer mortality was found [10] . A randomized controlled trial with low-dose antioxidants reported an increased risk of all-cause and cancer mortality with higher DII scores in the placebo group, but not in the antioxidant-supplemented group [21] . A recent study from the Melbourne Collaborative Cohort Study also found an increased risk of total and CVD mortality with higher DII, by 16% and 30%, respectively [22] . Therefore, all recent reports, including the current analysis, support the association between a pro-inflammatory diet and a higher risk of mortality.
In a recent meta-analysis, an increased risk of CVD (either risk of incident disease or mortality) with higher DII scores was significant only in women and in studies conducted in Europe and North America, but not in men and studies conducted in Australia [12] ; although the number of studies in each subgroup was relatively small. The present study also supports a stronger association in women (HR = 1.29 for the highest vs. lowest quintile, 95% CI: 1.17-1.42, P for trend < 0.001) than in men (HR = 1.13, 95% CI: 1.03-1.23, P for trend = 0.003) for CVD mortality, although the test for heterogeneity by sex was not statistically significant.
In the current study, an increased risk of all-cause mortality with higher DII scores was found in all racial/ethnic groups except Native Hawaiians, among whom the association was not statistically significant and for men, was suggestive of an inverse relationship. These findings are consistent with a previous report from the MEC that examined four diet quality indexes in relation to all-cause mortality [23] . In that study, the four indexes (higher score indicating higher quality diet) were all inversely associated with risk of mortality from all causes, CVD, and cancer in both men and women. Also, the inverse association with all-cause mortality was seen in all racial/ethnic groups except for Native Hawaiians [23] . Native Hawaiians are unique in some aspects of their health profile from other racial/ethnic groups in Hawaii. They are documented as having the highest prevalence of obesity [24] , the highest smoking rate in adults [25] , the highest cancer mortality [26] , and the shortest life expectancy [27] . In the MEC, Native Hawaiians' diets were lower in quality (measured by the four diet quality indexes) [23] and more pro-inflammatory (measured by the DII), compared with the other racial/ethnic groups. Although Native Hawaiians showed no association of the DII and other diet quality indexes with mortality, the diet quality of Native Hawaiians needs improvement, given their health profile.
The strengths of this study include the population-based prospective design; the long follow-up period; the large sample size with participants from various racial/ethnic backgrounds; the comprehensive, validated food frequency questionnaire; and a wide range of covariates for diet-mortality analyses. However, there are several limitations to be considered. The current analyses of the DII and mortality were based on a single assessment of diet at baseline. We plan to compute the DII scores for a 10-year follow-up survey, where the QFFQ would be repeated among 45% of the participants, and will be able to compare DII changes over time, as was done in the Women's Health Initiative Observational Study and Dietary Modification trial control group [28, 29] . Despite the comprehensive information on lifestyle factors and careful adjustment for covariates, there is still the possibility of residual confounding by unmeasured or incompletely controlled variables that might be related to both diet and mortality. To compute the DII scores for the MEC, only 28 of the 45 food components originally included for the DII development were used. DII scores that were computed from fewer components, however, have been demonstrated to well predict inflammatory markers and health outcomes in several studies [16, 30, 31] including the previous report from the MEC [13] .
Conclusions
In summary, these examinations confirm that a more pro-inflammatory diet was associated with a higher risk of all-cause, CVD, and cancer mortality in both men and women. In addition, the association was found in African Americans, Japanese Americans, Latinos, and Whites, but not in Native Hawaiians, the diets of whom were more pro-inflammatory compared with the other racial/ethnic groups.
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